Introduction Although early detection and successful gastrectomy have improved the survival of patients with gastric cancer, long-term health problems remain troubling. We evaluated the prevalence of osteoporosis and its risk factors in long-term survivors of gastric cancer after gastrectomy. Methods We reviewed the medical records of a tertiary hospital between 2007 and 2014 to identify survivors of gastric cancer who had visited our center at around 5 years after gastrectomy. We evaluated their health status, including bone mineral density (BMD). Dual-energy X-ray absorptiometry was used to measure the BMD of the lumbar spine and femur (total and neck area). The prevalence of osteoporosis, defined by a BMD T score <−2.5, was investigated, and clinical variables associated with the presence of osteoporosis were identified. Results A total of 250 survivors were included. The mean age was 54.6 years old, and the median follow-up was 6.0 years. The prevalence of osteoporosis was 34.0% (27.4% for men and 43.6% for women). Older age [odds ratio (OR) 5.50, 95% CI 2.33-13.00], higher alkaline phosphatase levels before gastrectomy (OR 5.67, 95% CI 1.36-23.64), and marked weight loss (≥20%) after gastrectomy (OR 3.59, 95% CI 1.32-9.77) were independently associated with the presence of osteoporosis. Conclusions In our cohort, osteoporosis was commonly observed in long-term survivors of gastric cancer, and several risk factors for it were identified. To reduce the risk of osteoporosis after gastrectomy, maintaining adequate body weight may be necessary.
Introduction
According to the Korea Central Cancer Registry 2013, gastric cancer is the most common cancer in Korea, with the exception of thyroid cancer [1] . Although the incidence of gastric cancer has steadily decreased, it still accounts for an important part of the disease burden of cancer and is the fourth most common cancer worldwide [2] . However, improvements in treatment techniques have enabled early detection and increased the number of long-term gastric cancer survivors [3, 4] . In Korea, the 5-year survival rate of gastric cancer increased from 42.8% in 1993-1995 to 71.5% in [2008] [2009] [2010] [2011] [2012] , and the 5-year survival rate of early gastric cancer is greater than 90% [1] .
Gastrectomy is the best curative treatment for gastric cancer; however, it can cause various health problems, such as weight loss, malnutrition, anemia, and loss of bone density [5, 6] . Osteoporosis, a skeletal disorder predisposing a person to increased fracture risk because of decreased bone strength, is one of the most common complications after gastrectomy [7] .
In a previous study, the prevalence of lumbar osteoporosis was 38.3% in Korean gastric cancer patients who had undergone gastrectomy [8] . Another study reported that more than 50% of gastrectomy patients had vertebral fractures with Seung Hyun Yoo and Jung Ah Lee contributed equally to this study.
or without osteopenia [9] . The risk of bone loss in gastric cancer patents after gastrectomy is increased by malabsorption, malnutrition, high serum levels of parathyroid hormone (PTH), and cancer therapy [10] . Absorption of calcium and vitamin D is impaired in patients with gastrectomy, because most of the stomach is removed and bypasses such as gastroduodenostomy and gastrojejunostomy are implemented. Thus, gastrectomy may influence the release of gastrin and calcitonin [11] [12] [13] . Serum levels of gastrin are markedly decreased among patients with subtotal gastrectomy, which induces low gastric acid levels and could interrupt the absorption of dietary calcium. The release of gastrin and calcitonin after meal intake is considerably decreased in patients who have undergone subtotal gastrectomy [13] . Levels of PTH were higher after gastrectomy [14, 15] , which would affect bone formation and bone resorption. Cancer therapy, including chemotherapy, could affect bone loss [10, 16] . For instance, 5-fluorouracils such as doxifluridine and cisplatin, which are common chemotherapeutic agents used in gastric cancer, induce apoptosis among osteoblasts and pre-osteoblasts in animal models.
Previous studies have reported a high prevalence of osteoporosis in patients after gastrectomy [8, 9] . An early report by Zittel et al. found a high prevalence of bone disorders after gastrectomy when comparing gastrectomy patients with control subjects [9] . Although that study showed longterm bone metabolic parameters after gastrectomy, it did not demonstrate associated factors affecting bone disorders and included patients with peptic ulcer diseases. Lim et al. reported a high prevalence of osteoporosis in Korean gastric cancer patients after gastrectomy and factors that are associated with osteoporosis [8] . However, in that study, the follow-up period after gastrectomy was about 2-3 years, and thus it could not represent gastric cancer survivors. Therefore, we evaluated the prevalence of osteopenia and osteoporosis among long-term survivors of gastric cancer and the risk factors for low bone density in these patients.
Methods

Study population
We reviewed the medical records of gastric cancer patients referred to the Cancer Prevention Clinic at the Department of Family Medicine of Asan Medical Center (Seoul, Republic of Korea) from January 1, 2009 to December 31, 2014. This study was approved by the institutional review board of Asan Medical Center. The inclusion criteria were survival of at least 5 years after gastrectomy (from January 1, 2004 to December 31, 2008), no evidence of recurrence or metastasis, and the presence of BMD evaluation by dualenergy X-ray absorptiometry (DXA). In total, 270 patients were included in the study. We excluded 3 patients who had already been treated for osteoporosis before being diagnosed with gastric cancer and 11 who had hypercalcemia, hypocalcemia, abnormal liver function tests (levels of AST or ALT that were three times greater than the upper reference value), or impairment of renal function before the operation. Six patients with stage III gastric cancer were excluded. Hence, data from 250 patients were analyzed.
Data collection
From review of the medical records of these patients, we obtained age at gastrectomy, sex, height, weight before and after operation, and treatment records, including tumor stage, operation type, and whether adjuvant chemotherapy had been conducted. Preoperative height and weight were measured when patients were admitted for surgery. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Postoperative weight was measured when patients visited the outpatient clinic for their BMD to be checked. Weight change was calculated using the difference between preoperative and postoperative weight. The percent weight change was calculated using the absolute weight change divided by the preoperative weight. Significant weight loss was defined to be a decrease in weight after gastrectomy of 10% or more. No weight loss was defined to be a decrease in weight less than 10% of preoperative weight or an increasing weight change. Socioeconomic status and health behaviors, including educational level, smoking status, and alcohol consumption, were determined at admission. Smoking status was classified into current smokers, ex-smokers, and never smokers. Alcohol intake was assessed by asking patients whether they usually drank alcoholic beverages. Serum levels of AST, ALT, alkaline phosphatase (ALP; overall ALP value), calcium, and creatinine were checked before gastrectomy. Levels of calcium greater than 10 mg/dl were considered hypercalcemia, and levels less than 8.3 mg/dl were considered hypocalcemia. Levels of creatinine greater than 1.4 mg/dl were considered to indicate impaired renal function.
Measurement of bone mineral density
BMD of the lumbar spine, total femur, and femur neck was measured using DXA (GE Prodigy; Lunar Radiation, Madison, WI, USA) to evaluate the presence of osteoporosis. The BMD of the lumbar spine was evaluated as the average value of L1-L4 and that of the total femur was the average value of four sites in the proximal femur (femoral neck, Ward's triangle, greater trochanter, and total hip). The BMDs were expressed as absolute values (g/cm 2 ), T scores (compared to young adults), and Z scores (compared to age-matched values) according to Korean reference values provided by the GE-Lunar database. Osteoporosis was defined as a T score less than −2.5 SD, and osteopenia as a T score of −1.0 to −2.5 SD, based on the criteria of the World Health Organization [17] . The BMD of all patients was measured more than 5 years after gastrectomy.
Statistical analysis
Continuous variables are presented as mean ± SD, and categorical variables are presented as numbers with percentages. To compare the characteristics of patients with and without osteoporosis, a chi-squared test or Fisher's exact test was used for categorical variables, and an independent t test was used for continuous variables. Multiple logistic regression analyses were performed to evaluate the factors associated with osteoporosis. Variables that showed differences in the presence of osteoporosis at a P value <0.1 in univariate associations were selected for multivariate analyses. All analyses were performed using SPSS version 23.0 (IBM SPSS Statistics, Chicago, IL, USA). P values <0.05 were considered statistically significant. Table 1 presents the basic characteristics of the study population. In total, 250 patients were included in the analyses; 133 (53.2%) were men and 117 (46.8%) were women. The mean age of the patients was 54.6 years, and the median period from gastrectomy was 6.0 years (4.9-18.0 years). Most patients had early (83.2%) and stage I (95.2%) gastric cancer; 80.8% underwent a subtotal gastrectomy (71.2% received Billroth I, and 9.6% received Billroth II), and 13.6% were treated with adjuvant chemotherapy. The average weight before gastrectomy was 68.0 kg in men and 58.1 kg in women; the average weight after gastrectomy was 61.2 kg in men and 52.5 kg in women. Hence, the average weight decreased by 6.3 kg during the follow-up period. The average preoperative ALP was 76.4 IU/l in men and 68.0 IU/l in women. Table 2 lists the BMD values. After gastrectomy, BMDs for the lumbar spine, femur neck, and total femur were 0.987, 0.828, and 0.879 g/cm 2 , respectively; T scores were −1.470, −0.930, and −0.625, and Z scores were −0.275, 0.230, and 0.264, respectively. All BMD values were higher in men than in women, as shown in Table 2 .
Results
Basic characteristics of the study population
Comparison of factors associated with the presence of osteoporosis
Overall, 34.0% of patients had osteoporosis; the prevalence of osteoporosis was 33.2% among early gastric cancer patients and 38.1% among advanced gastric cancer patients. Table 3 provides a descriptive comparison of factors associated with the presence of osteoporosis. Weight before and after gastrectomy was lower in the osteoporosis group; however, the weight change was not significant. Nevertheless, the prevalence of osteoporosis was significantly high for those patients whose body weight was reduced after gastrectomy by at least 20%. In addition, patients in the osteoporosis group were older and had higher pre-operative ALP levels. The classification of early gastric cancer (EGC) or advanced gastric cancer (AGC), gastric cancer stage, and operation type were not associated with osteoporosis in gastric cancer survivors.
Factors associated with osteoporosis after gastrectomy in long-term gastric cancer survivors Table 4 shows the logistic regression analyses of factors associated with osteoporosis after gastrectomy in long-term gastric cancer survivors. Multivariate logistic regression analyses included factors that had p ≤ 0.1 for comparison of the patients with and without osteoporosis. Among preoperative BMI, postoperative BMI, and the weight before and after gastrectomy, only preoperative BMI was adjusted as a covariate because of multicollinearity. In multivariate analyses, the presence of osteoporosis was associated with older age (OR 5.50, 95% CI 2.33-13.00 in ages ≥60 years old) and high ALP before gastrectomy (OR 5.67, 95% CI 1.36-23.64). The OR of osteoporosis was significantly low in patients with high BMI before gastrectomy (OR 0.82, 95% CI 0.74-0.92) and high in patients who lost at least 20% of their body weight after gastrectomy (OR 3.59, 95% CI 1.32-9.77).
Discussion
We investigated the prevalence of osteoporosis in long-term gastric cancer survivors and identified risk factors associated with osteoporosis. High body weight before and after gastrectomy was a significant protective factor for osteoporosis. In addition, older age and high preoperative serum ALP were associated with a higher prevalence of osteoporosis in these patients.
The prevalence of osteoporosis was greater in long-term gastric cancer survivors than in the general population in Korea. In the Korean National Health and Nutritional Examination Survey (KNHNES), the prevalence of osteoporosis was 21.8% in persons 50 years old or older, 7.8% in men and 34.9% in women [18] . In our study, the prevalence was 34.0% in all patients, 27.4% in men and 43.6% in women. It is notable that the prevalence of male osteoporosis in our study was more than three times as high as in the KNHNES. Although direct comparison with our study is impossible, an earlier study on gastrectomy patients found that almost 55% of patients had osteopenia or vertebral fractures [9] . In a previous study of Korean gastric cancer patients, the prevalence of osteoporosis was 39.6% (28.9% in males and 54.0% in females) at the lumbar spine [8] , which was a slightly higher prevalence than that found in our study. However, that study included patients with advanced stages of gastric cancer (stage III and stage IV) and a greater average age (63.9 years old) than the participants in our study.
Body weight is one of the most significant factors associated with osteoporosis [19, 20] . A low body weight may decrease mechanical loading on weight-bearing bones, such as the hip bone and the spine [19] . Furthermore, low levels of parathyroid hormone and extra-ovarian estrogen may increase calcium loss and decrease BMD [20] . In our study, body weight of the patients in the osteoporosis group was significantly lower both before and after gastrectomy, and this association remained significant in multivariate analyses. On the other hand, weight change was not associated with the prevalence of osteoporosis. As we did not evaluate preoperative BMD, we were unable to investigate any potential associations between the loss of BMD and weight loss. However, considering that peak bone mass is formed in early life [21] , body weight before gastrectomy may have a more significant effect on the development of osteoporosis than body weight changes after gastrectomy. High ALP levels before gastrectomy were also associated with osteoporosis. ALP is a bone turnover marker that is inversely correlated with BMD in the general population. High ALP levels are associated with osteoporotic diseases such as primary hyperparathyroidism [22] . Although we did not measure additional bone-turnover markers, the role of ALP in BMD may not differ between those with and without gastrectomy.
The type of operation and time from gastrectomy were not associated with osteoporosis in our study, in line with previous studies [8, 23] . Thus, the risk of osteoporosis may be associated with gastrectomy itself rather than the surgical method. The American Gastroenterological Association stated in 2003 that patients who had undergone gastrectomy 10 or more years previously should receive a DXA examination [24] . According to our results, the prevalence of osteoporosis was high even in patients who had been followed up for less than 10 years, and it was not associated with time since gastrectomy. Because we did not compare BMDs before and after gastrectomy, it is still unclear whether time since gastrectomy is a risk factor for osteoporosis in longterm gastric cancer survivors. In conclusion, age, body weight, and ALP level before gastrectomy were the relevant factors for osteoporosis, not the period from gastrectomy.
The recommendations for follow-up schedules, treatment, and prevention for osteoporosis after gastrectomy are not well defined among gastric patients in the current guidelines. Recent studies have reported a risk of bone loss and low vitamin D levels among obese patients who have had bariatric surgery and have suggested evaluating vitamin D level, monitoring BMD, and supplementing with oral calcium (800-1200 mg/day). However, because these recommendations might not apply to gastric cancer patients who undergo gastrectomy, specific recommendations are necessary for them.
There were several limitations in our study. First, we retrospectively included gastric cancer patients whose BMDs were examined at a single institution. Therefore, our study does not represent all gastric cancer patients who undergo gastrectomy, and the practice guideline for DXA was not clearly defined in the medical records. Second, although we considered that several factors might influence the development of osteoporosis, we could not adjust for all possible covariates, such as calcium and/or vitamin D intake, comorbidities affecting BMD, fracture history, and physical activity. Third, patients with elevated ALP levels did not receive further examination to evaluate parathyroid or hepatobiliary diseases. Last, medication prescribed at other hospitals was not fully determined, particularly for medication affecting BMD, such as calcium and vitamin D supplements, bisphosphonates, and steroids. Despite these limitations, our study had a long follow-up period and was able to estimate the long-term effects of gastrectomy. In addition, a sufficient number of gastric cancer survivors was included in our analyses. Because we followed a single hospital's protocol, 
Conclusions
The prevalence of osteoporosis is higher in long-term gastric cancer survivors who have undergone gastrectomy than in the general population. Older age, low body weight before and after gastrectomy, and increased serum levels of ALP were associated with osteoporosis, although changes in body weight and period from gastrectomy were not. Hence, BMD should be evaluated in long-term gastric cancer survivors.
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